Purpose To assess the efficacy of prismatic correction of residual esotropia p20 prism dioptres (PD) after full hypermetropic correction in patients with partially accommodative esotropia. Methods Medical records of 64 patients who received prismatic correction for residual esotropia p20 PD were reviewed. Outcomes were considered successful if patients maintained orthotropia or esophoria for at least 1 year and did not require surgery. Factors including age, sex, visual acuity, refractive errors, amount of deviation, sensory status, and the presence of amblyopia were analysed and compared between the success and failure groups. Results Prismatic correction was successful in 28 of 64 patients (44%). The success group showed better results both with Worth 4-dot test (P ¼ 0.001 at distance and P ¼ 0.046 at near) and Randot stereo test (P ¼ 0.003 for dots and P ¼ 0.000 for animals). Success rate increased to 58% without amblyopia, 72 and 93% with normal fusional response at near and at distance with Worth 4 dot test respectively, and 92% with stereoacuity of 800 s of arc or better. In all patients in success group, fusion and stereoacuity improved or maintained during follow-up. Conclusions Prismatic correction was successful in 44% of the patients with residual esotropia p20 PD and the success group showed an improved or stable sensory status with time. With a baseline fusion on Worth 4-dot test or stereopsis of 800 s of arc or better, prismatic correction could be considered as the first-line treatment.
Introduction
The first step in the management of esotropia associated with hyperopia is the prescription of glasses to fully correct the hyperopia. 1, 2 If the esotropia is significantly undercorrected with glasses, it is termed as partially accommodative esotropia. 2 The conventional treatment for partially accommodative esotropia is surgical correction for the residual deviation. [1] [2] [3] [4] However, it is unclear that all residual esotropia should be surgically corrected. To the best of our knowledge, no previous report has shown whether a small angle of residual esotropia should be surgically treated or could be mananged only with a non-surgical treatment such as prism glasses. The purpose of this study is to assess the efficacy of prismatic correction instead of surgery for partially accommodative esotropia p20 prism dioptres (PD) after a full hyperopic correction.
Materials and methods
Sixty-four (28 male, 36 female) consecutive children p15 years of age who underwent a prismatic correction for partially accommodative esotropia p20 PD after a full hypermetropic correction between June 2004 and March 2007 were retrospectively studied. Patients were excluded if they had residual esotropia 420 PD after a full hypermetropic correction, hypermetropia o þ 1.50 dioptres, history of prior strabismus surgery, dissociated vertical deviation, oblique muscle dysfunction, any paralytic or restrictive esotropia, ocular pathology, chromosomal anomaly, systemic disorder such as a congenital anomaly, neurological disorder, developmental abnormality, or with a follow-up shorter than 1 year after a prismatic correction.
The medical records were retrospectively reviewed for age, sex, best-corrected visual acuity (BCVA), refractive errors with cycloplegic refraction, amount of esotropia measured by alternate prism cover test both at distance and near with corrections, Randot stereotest, and Worth 4-dot test at 6 and 0.33 m before and after prismatic correction ( Table 1) .
All patients underwent a complete ophthalmologic examination, including visual acuity test and cycloplegic refraction with cyclopentolate hydrochloride 1%, followed by a prescription of glasses to fully correct the hypermetropia. Prism and alternate cover test with accommodative targets for fixation at 0.33 and 6 m were conducted in most of the patients, and a modified Krimsky method at 0.33 m was conducted in a few uncooperative patients, by one of the authors (JMH). Prism was prescribed and ground into the lens according to residual esotropia. Patients with a difference of two lines or more of visual acuity in each eye were considered to have amblyopia and underwent part-time or full-time occlusion along with spectacle wearing. Sensory status was evaluated using the Randot stereotest and the Worth 4-Dot test at distance and near. Visual acuity test, Randot stereotest, and Worth 4-dot test were performed when possible. In Worth-4-dot test, only a fusional response of four light visible was considered normal. Follow-up examinations were performed at 1, 3, 6, and 12 months after prescription of prism glasses.
If orthotropia or esophoria was maintained with prism glasses for X1 year without surgery and showed no deterioration of visual function, the cases were assigned to the success group. Otherwise, they were assigned to the failure group.
The clinical features of the two groups were compared using the Fisher's exact test or w 2 -test to examine the effect of sex, results of Worth 4-dot test, and presence of amblyopia at the beginning of prism correction on the success rate. Student's t-test (independent and paired samples' t-tests) was used to determine the effect of age, BCVA, esodeviation, and stereoacuity at the beginning of prism correction. SPSS software for Windows (V13.0; SPSS Inc., Chicago, IL, USA) was used in every statistical analysis. A P-value of less than 0.05 was considered statistically significant.
Results
The mean age at the beginning of prismatic correction was 57.0±35.2 months (mean±SD, range: 4-210 months). Twenty-eight children (44%) maintained orthotropia or esophoria with prism glasses and were classified in the success group. In the success group, the mean follow-up was 20.6 ± 5.7 months (range: 12-33 months). Age at the beginning of prismatic correction was 65.3±31.1 months in the success group and 50.6±37.2 months in the failure group (P ¼ 0.090). In patients of success group, no or minimal (2-6 PD) increase in the prismatic correction was necessary during follow-ups, whereas those in failure group needs substantial increase of esotropia X10 PD, and therefore had surgery.
Success rate was not different according to the sex (50% in men vs 39% in women), BCVA, or difference in hypermetropia between the two groups. Mean residual deviation after hypermetropic correction at distance was 9.6 ± 6.8 PD in success group and 13.1 ± 3.1 PD in failure group, and those at near were 11.2 ± 5.4 PD in success group and 14.0 ± 4.4 PD in failure group (Table 1; P40.05). However, when the patients were divided by residual esotropia p10 PD and 410 PD, the success rate was significantly higher in the group p10 PD, both at distance and near (Table 2 ). In the group p10 PD, success rate was 62% (8 of 13 patients) at distance and 67% (8 of 12 patients) at near, in contrast to 22% (5 of 23 patients) at distance and 22% (6 of 27 patients) in the group 410 PD.
Forty-eight percent (10 of 21 patients in whom visual acuity could be measured) of patients in the failure group vs 17% (3 of 18 patients) in the success group had amblyopia before prism correction, with a statistically significant difference (P ¼ 0.043). Success rate increased to 58% (15 of 26 patients) in children without amblyopia.
Success rate was significantly higher with 72% (13 of 18) in patients who showed normal fusional response at near, 93% (13 of 14) at distance, with Worth 4-dot test after hypermetropic correction. Randot stereotest revealed that children in success group had significantly better stereopsis at the beginning of the prismatic correction. In success group, 60% (12 of 20) of patients in whom Randot stereotest was possible showed stereopsis of 800 s of arc or better before prismatic correction. In contrast, only 1 of 14 (7%) patients in failure group had stereopsis of 800 s of arc, and the rest showed no stereopsis with Randot stereotest. Twelve of thirteen (92%) patients with stereopsis of 800 s of arc or better showed favourable response to prismatic correction (Table 3) .
In all of the patients of success group, fusion and stereoacuity improved or maintained during follow-up. One year after prismatic correction, 33% (6 of 18 patients) revealed improvement of Worth 4-dot test and 39% (7 of 18 patients) showed an improvement in stereoacuity, and 14 of 22 (64%) patients in whom stereotest was measurable had stereoacuity of 800 s or better. The rest showed the same sensory status results as those obtained 1 year before. Success group subjects recognized mean 1.80 ± 1.91 dots and 1.40 ± 1.23 animals at the initial examination, and 2.72±2.49 dots and 1.83±1.42 animals after 1 year (Table 4) .
Discussion
As a non-surgical treatment for partially accommodative esotropia, miotics have been reported to be helpful in a small amount of residual esotropia. 5 However, side effects, such as development of iris cyst or transient visual blurring, were frequent. 2 Moreover, gradual increase in esotropia was still observed in spite of miotic therapy. 6 In this study, we investigated the efficacy of another non-surgical treatment for partially accommodative esotropia: prismatic correction. Prismatic correction was successful in 44% patients with residual esotropia p20 PD, and 62 (at distance) and 67% (at near) in patients with residual esotropia p10 PD. Success rate increased to 58% in patients without amblyopia, 72% with normal fusional response at near, and 93% with normal fusional response at distance. Success rate was highest at 92% with stereopsis of 800 s of arc or better (Table 3 ). These results correspond with the earlier reports that nil stereopsis posed 17 times greater risk of surgery in accommodative esotropia, 7 or that the presence of amblyopia had positive correlation with incomplete spectacle control or deterioration of accommodative esotropia. 8, 9 Birch et al 10 also reported that subnormal stereopsis had positive correlation with the risk of developing accommodative esotropia in hypermetropic children. Swan 11 reported that poor binocular function significantly increased the risk of requiring surgery in accommodative esotropia. In summary, we can predict the efficacy of prismatic correction based on the sensory status when we start prismatic correction, as patients with better baseline sensory status showed lower change of compensation of prismatic correction. The prismatic correction can be strongly recommended in a child with better sensory status.
Regarding the change of sensory status with the prismatic treatment, fusional responses and stereopsis improved in X1/3 of the patients after 1 year of treatment and was maintained in the remaining patients. We found that 64% of patients in success group showed stereoacuity of 800 s or better 1 year after prismatic correction. Kushner 12 showed that 189 of 341 (55%) patients with partially accommodative esotropia had stereopsis of 800 s or better 5 years after surgery, and the rate decreased to 36% (8 of 22) in patients who were surgically overcorrected. In cases where patients underwent surgery for partially accommodative esotropia, Hwang et al 1 reported that the portion of patients who showed positive fusional response increased by 14-48% 1 year after surgery. Fawcett and Birch 13 showed that 3/4 of patients with accommodative esotropia showed abnormal binocular response even after achieving successful eye alignment with or without surgery. Therefore, the effect of prismatic correction on sensory status is beneficial and not worse compared to surgery.
This study showed the value of non-surgical treatment of non-accommodative component of partially accommodative esotropia p20 PD to improve or maintain sensory status. To the best of our knowledge, there has been no study, which investigated the efficacy of prismatic correction of residual esodeviation after hypermetropic correction. This is the first study to show the efficacy of prismatic correction as a non-surgical treatment in partially accommodative esotropia, and definitively show when prismatic correction can be successful. The results of this study suggest that in cases with baseline fusion on Worth 4-dot test or stereopsis of 800 s of arc or better, prismatic correction should be tried before a surgical cocrrection.
In conclusion, prismatic correction in a partially accommodative esotropia was successful in 44% of the patients, who showed improved or maintained sensory status with the prismatic correction. The success rate increased with better baseline sensory status and decreased with the presence of baseline amblyopia.
